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@ Method and device for inspecting sidewail of bottle. 


@ A method and a device for inspecting the 
sidewail of a bottle is disclosed. In the method and 
^device for inspecting the sidewail of the bottle, an 
elongate illumination portion is moved to irradiate 


Csl 


CM 


illumination light to the sidewail of the bottie to be 


^.inspected, an elongate observation portion moved 
synchronously with the elongate illumination portion 
JJSto observe the illumination light transmitted through 
Jvjthe sidewail of the bottie, and based on an image of 
the transmitted light, the presence of defects is 
® judged. Light blocking defects and refractional de- 
Cfects on the sidewail of the bottie can be detected 
UJwith high precision. 
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METHOD AND DEVICE FOR INSPECTING SIDE WALL OF BOTTLE 


BACKGROUND OF THE INVENTION 


This invention relates to a method and a device 
for inspecting the sidewail of a bottle which detect 
defects on the sidewail of the bottle. 

It is necessary to inspect glass bottles for 
liquors, beverages, foods, etc. which have been 
recovered for reuses or even those which are fresh 
from bottle forming devices. These bottles are in- 
spected at portions, i.e., the bodies or sidewalls, 
bottoms, tops of the mouths, and threaded necks. 
Sidewalls tend to have defects of foreign matters, 
stains, etc. which involve food sanitary problems, 
and defects of checks, cracks scratches, seeds, 
and blisters which may initiate breakages of the 
bottles. These defects have to be correctly de- 
tected so as to remove defective bottles. To this 
end there has been proposed a method for detect- 
ing these defects, based on a darkness distribution 
of an image formed by the transmitted light 
through a transparent or opaque bottle. 

But this proposed method has a problem that a 
darkness distribution of a transmitted light image of 
the sidewail of a bottle is indicative of a light 
blocking defect of foreign matters, stains, etc., but 
is insufficient to indicate refractional defects of 
seeds, blisters, streaks, rumples, etc. Another prob- 
lem of this method is that it is difficult to discrimi- 
nate from a refractional defect a joint running 
lengthwise on the sidewail of a bottle which is 
formed inevitably when the bottle is formed. 


SUMMARY OF THE INVENTION 


An object of this invention is to provide a 
method and a device for inspecting the sidewail of 
a bottle which is capable of detecting with high 
precision not only light booking defects but also 
refractional defects of the sidewail of the bottle. 

This object is achieved by a method for in- 
specting the sidewail of a bottle comprising the 
steps of moving an elongate illumination portion to 
irradiate illumination light to the entire sidewail of 
the bottle to be inspected; observing the illumina- 
tion light transmitted through the sidewail of the 
bottle by an elongate observation portion moved 
synchronously with the illumination portion to ob- 
serve an image of the entire sidewail formed by the 
transmitted light; and judging whether there is a 
defect on the sidewail of the bottle, based on the 
transmitted light image. 

This object is also achieved by a device for 


inspecting the sidewail of a bottle comprising; an 
illumination unit for moving an elongate illumination 
portion to irradiate illumination light to the entire 
sidewail of the bottle to be inspected; an observa- 

5 tion unit for observing the illumination light trans- 
mitted through the sidewail of the bottle by an 
elongate observation portion which is movable in 
synchronization with the elongate illumination por- 
tion, so as to observe an image of the entire 

70 sidewail of the bottle formed by the transmitted 
light; and a judge unit for judging whether there is 
a defect on the sidewail of the bottle, based on the 
transmitted light image of the bottle observed by 
the observation unit 

T5 In the method and the device for inspecting the 

sidewail of a bottle according to this invention, an 
elongate illumination portion is moved to irradiate 
illumination light to the sidewail of the bottle to be 
inspected, an elongate observation portion moved 

20 synchronously with the elongate illumination portion 
to observe the illumination light transmitted through 
the sidewail of the bottle, and based on an image 
of the transmitted light, the presence of defects is 
judged. Light blocking defects and refractional de- 

25 fects on the sidewail of the bottle can be detected 
with high precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a block diagram of the device for 
inspecting the sidewail of a bottle according to a 
first embodiment of this invention; 
35 Fig. 2 is a perspective view of an inspection 

optical system of the device of Fig. 1 ; 

Fig. 3 is a portional view of an inspection 
optical system of the device of Fig. 1 ; 

Fig. 4 is an explanatory view of the inspec- 
40 tion principle of the device of Fig. 1; 

Fig. 5 is a view of an inspection area and 
inspection gates of the device of Fig. 1 ; 

Fig. 6 is an explanatory view of a two point 
defect detecting system of Fig. 1 ; 
45 Fig. 7 is an explanatory view of a three point 

defect detecting system of the device of Fig, 1 ; 

Fig. 8 is a block diagram of a defect detect- 
ing circuit for performing the two point defect de- 
tecting system; 
so Fig. 9 is a block diagram of a defect detect- 

ing circuit for performing the three point defect 
detecting system; 

Fig. 10 is an explanatory view of the inspec- 
tion principle of a modification of the first embodi- 
ment; 
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Fig. 11 is an explanatory view of the two 
point defect detecting system for the modification 
of Fig. 10; 

Fig. 12 is an explanatory view of the three 
point defect detecting system for the modification 
of Fig. 10; 

Fig. 13 is a view exemplifying the transmit- 
ted light image in the modification of Fig. 10; 

Fig. 14 is a block diagram of the device for 
inspecting the sidewail of a bottle according to a 
second embodiment of this invention; 

Fig. 15 is a perspective view of a light 
source of the device of Fig. 1 4; 

Figs. 16 and 17 are explanatory views of 
methods for controlling an area CCD of the device 
of Fig. 14; and 

Fig. 18 is a view of a detection optical sys- 
tem of the device of Fig. 14. 

DETAILED DESCRIPTION OF THE INVENTION 


A device for inspecting the sidewail of a bottle 
according to a first embodiment of this invention is 
shown in Fig. 1. In this embodiment, a bottle 12 to 
be inspected is rotated on a rotary mount 1 4. The 
bottle 12 is illuminated by diffused light from a 
diffused light source -10. The bottle 12 is illumi- 
nated with a part of the diffused fight passing a 
split plate 11 positioned between the diffused light 
source 10 and the bottle 12. Accordingly, a hori- 
zontally elongate beam of the part of the diffused 
light which has passed the slit 11a illuminates the 
bottle 12. 

The light transmitted through the sidewail of 
the bottle 12 is incident on a two dimensional 
photoelectric device 16 through a slit plate 13. The 
two dimensional photoelectric device 16 comprises 
an area CCD 16a for converting an image of the 
transmitted light into an electric analog signal, and 
an optical system 16b for forming the transmitted 
light image on the area CCD 16a. The two dimen- 
sional photoelectic device 16, which detects the 
transmitted light through the slit plate 13, detects 
only an elongate portion of the whole transmitted 
light image of the bottle 12. 

The slit plates 11 and 13 are moved up and 
down by a slit driving circuit 15. In this embodi- 
ment, as shown in Figs. 2 and 3, the slit plates 1 1 
and 13 are driven synchronously so that the slit 
11a of the slit plate 11 and the slit 13a of the slit 
plate 13 are constantly on the same level. Accord- 
ingly, as shown in Fig. 3 t only a part of the illu- 
mination diffused light which has passed the slit 
11a passes the bottle 12 passes the slit 13a on the 
opposite side to form an image of the transmitted 
light on the area CCD 16 of the two dimensional 


photoelectric device 16. 

As shown in Fig. 4(a), if a light blocking defect 
Fa is on the sidewail of the bottle 12, the light 
which has passed the slit 11a is blocked by the 

5 defect Fa, failing to pass the slit 13a consequently 
without reaching the area CCD 16a of the two 
dimensional photoelectric device 16. Accordingly 
the light blocking defect Fa is detected as a shad- 
ow on the transmitted light image. 

10 As shown in Fig. 4(b), if a refractional defect Fb 

is in the bottle 12, the light which has passed the 
slit 11a is refracted by the defect Fb to be de- 
flected from the direction of straight advance. Most 
of the light fails to pass the slit 13a consequently 

75 without reaching the area CCD 16a of the two 
dimensional photoelectric device 16. The refrac- 
tional defect Fb is also detected as a shadow on 
the transmitted light image. 

The slits 11a and 13a are formed in the direc- 

20 tion orthogonal to the longitudinal joint of the bottle 
12. Accordingly it does not happen that the joint is 
erroneously detected as a refractional defect. 

The slits 11a and 13b of the slit plates 11 and 
1 3 are moved at least once or more times from the 

25 mouth of the bottle 12 to the bottom thereof, so 
that a transmitted light image of the entire bottle 12 
is formed on the area CCD 1 6a of the two dimen- 
sional photoelectric device 16. Specifically, as the 
slit 11a is moved upward, the elongate illumination 

30 portion provided by the slit 11a moves upward 
along the bottle 12, and synchronously with the 
upward movement of the slit 11a, the slit 13a is 
moved upward. On the area CCD 16a are sequen- 
tially .formed elongate images of the transmitted 

35 lights through the slits 13a moved upward. Finally 
an entire transmitted light image of the bottle 12 is 
formed on the area CCD 16a as shown in Fig. 5. In 
the transmitted light image of Fig. 5, Fa represents 
a light blocking defect, and Fb denotes a refrac- 

40 tionai defect. 

An A/D converter 1 8 converts an analog image 
signal into a required bit digital image signal. This 
digital image signal is supplied to an inspection 
area gate setting circuit 20, a monitor display RAM 

45 unit 22 and a defect detection circuit 24. 

The inspection area gate setting circuit 20 sets, 
based on the transmitted light image shown in Fig. 
5, an inspection area for the defect detection circuit 
24 to inspect, which will be explained below. An 

so inspection area is defined by the top and bottom 
edges of the bottle 12, and the inspection area is 
divided into a plurality of inspection gates in accor- 
dance with a contour of the bottle 1 2. In Fig. 5, the 
inspection area is set for the entire bottle 12, and 

55 the inspection area is divided into five inspection 
gates 1, 2, 3, 4, 5 in accordance with the contour of 
the bottle 12. The inspection area gate setting 
circuit 20 supplies to the monitor display RAM unit 
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22, the defect detection circuit 24 and a masking 
circuit 26 and a judge circuit 28 an inspection gate 
signal indicating which inspection gate of an in- 
spection are a current read line on the area CCD 
t6a correspond to, 

But, in the case where the contour of the bottle 
12 is not definite, it is possible to preset an inspec- 
tion area and inspection gates 1, 2, 3, 4, 5 by the 
inspection area gate setting circuit 20. 

The defect detection circuit 24 compares in 
brightness plural sets of points each spaced hori- 
zontally or vertically from one another by a certain 
distance so as to detect defects. 

The defect detecting method includes a two 
point defect detecting system, in which brightness 
is compared between two points, and a three point 
defect detecting system in which brightness is 
compared among three points. Fig. 6 explains the 
two point defect detecting system, arid Fig. 7 ex- 
plained the three point defect detecting system. 

In the two point defect detecting system, when 
the following formula 
| QA - QB | £ (constant A) 

in which brightnesses at two point A and B are 
represented by QA and QB respectively is satis- 
fied, there are defects. 

In the case of Fig. 6, defects can be detected 
by the foiiowing formula 
| QA1 - QB1 | £ (constant A) 
| QA2 - QB2 | > (constant A) 
in which brightnesses at points A1 and B1, and A2 
and B2 on one scanning line are represented re- 
spectively by QA1, QB1, QA2, QB2. A constant A 
is preset in accordance with types, etc. of the 
bottle 12. As shown in Fig. 6(a), when a transmitted 
light image has even brightness along a scanning 
line, 

QA1 - QB1 > A 
QA2 - QB2 = 0 

are satisfied, and it is found that the point B1 is a 
defect. This two point defect detecting system is 
effective for the case of even brightness. In the 
case of uneven brightness along a scanning line as 
shown in Fig. 6(b), the foiiowing formulas 
| QA1 - QB1 | < A 
] QA2 - QB2 j < A 

are given. There is a risk that the defect at the 
point B1 will be missed. 

But the three point defect detecting system 
enables defects to be detected without failure even 
in the case of uneven brightness along a scanning 
line as shown in Fig. 6(b). In the three point defect 
detecting system, the following formula 
| QB - {( QA + QC )/2 } | £ (constant B) 
in which brightness at three points A, B, and C are 
represented by QA, QB and QC is used to detect 
defects. A constant B is preset in accordance with 
types, etc. of the bottle 12. 


In the case of Fig. 7, defects are detected 
using the following formulas 
| QB1 - {(QA1 + QC1)/2} | £ (constant B) 
[ QB2 - {(QA2 + QC2)/2} | £ (constant B) 

5 in which brightness at points A1, B1, C1, A2, B2, 
C2 on a scanning line of the area CCD 16a are 
represented by QA1, QB1, QC1, QA2, QB2, QC2. 
The brightnesses compared with those at inter- 
mediate points B1 and B2 are an arithmetic aver- 
se age of the brightnesses of points A1 and C1 on 
both sides of the intermediate point B1 and that of 
the brightnesses of points A2 and C2 on both sides 
of the intermediate point B2. The three point defect 
detecting system enables the defect B1 to be 

r5 detected correctly both in the case of even bright- 
ness as in Fig. 7 and in the case of uneven 
brightness as in Fig. 7(b). 

Fig, 8 shows an example of the defect detec- 
tion circuit 24 of the two point defect detecting 

20 system. The distance between two points is deter- 
mined by a shift width of a shift register 24a to 
which is sequentially inputted a digital image sig- 
nal. The shift width is determined by a shift width 
setting unit 24b. A comparator 24c compares a 

25 currently inputted digital image signal with an out- 
put signal of the shift register 24a which is a 
preceding signal by a shift width so as to judge 
whether or not the absolute value of a difference 
between the two is larger than a sensitivity (i.e., a 

30 constant A) set by the sensitivity setting unit 24d. 
The constant A may vary for the inspection gates. 
The sensitivity setting unit 24d outputs a suitable 
constant A based on an input inspection gate sig- 
nal to the comparator 24c. 

35 Fig, 9 shows an example of the defect detec- 

tion circuit 24 of the three point defect detecting 
system. The distance between one of the three 
points and an adjacent one is determined by shift 
widths of a shift registers 24e, 24f to which are 

40 sequentially supplied digital image signals. In this 
example, the two shift registers 24e, 24f have the 
same shift width. A computing circuit 24h com- 
putes an arithmetic average of a current input digi- 
tal image signal and a digital image signal output- 

45 ted from the shift register 24f. A comparator 24i 
compares an average brightness computed by the 
computing circuit 24h with a digital image signal 
from the shift register 24e to judge whether or not 
the absolute value of a difference between the two 

so is larger than a sensitivity (i.e., a constant B) set by 
a sensitivity setting unit 24j to output a defect 
detecting signal, the constant B varies for the in- 
spection gates. The sensitivity setting unit 24j out- 
puts to the comparator 24i a suitable constant B 

55 based on an input inspection gate signal. 

The brightness comparison between two points 
and among three points of Figs. 8 and 9 are 
performed both vertically and horizontally of the 
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area CCD 16a, i.e., vertically and horizontally of the 
bottle 12. 

A defect detection signal outputted from the 
defect detection circuit 24 is subjected to a mask- 
ing process by a masking circuit 26. When the 
sensitivity of the defect detection circuit 24 is in- 
creased to avoid errors in the defect detection, a 
part which is not a defect is falsely detected as a 
defect. The masking process is for removing such 
false defect detection signal. At a real defect, de- 
tection signals are continuously generated in accor- 
dance with a size of the defect, and at the remain- 
ing normal part, defect detection signals are sepa- 
rately generated. The masking process eliminates 
as a false defect detection signal an isolated defect 
detection signal and continuous defect detection 
signals only below a set value. 

A judge circuit 28 judges whether or not a 
defect is present, based on defect detection signals 
which have been masking processed. For example, 
a number of the defect detection signals are count- 
ed for each scan, and when the counted value 
exceeds a set value, the scan is judged an error 
scan (a defect scan line). The judge circuit 28 
further counts a number of continuous error scans, 
and when the counter value exceeds a set value, 
the bottle 12 is judged a defective bottle. A resul- 
tant judge signal is outputted to a conveying line 
(not shown), and in accordance with the judge 
signal, the conveying system ejects the defective 
bottle. 

A reference signal generator 30 generates a slit 
driving signal, an inspection period signal and a 
RAM write signal, based on a bottle position signal 
from a bottle position detector 32. 

The slit driving signal is for moving the slit 
plates 11, 13 from the top to the bottom in accor- 
dance with a scan of the CCD 16a during one 
rotation of the bottle 12 and is supplied to the slit 
drive circuit 15. The slit drive circuit 15 moves the 
slit plates 11,13, based on a slit driving signal. The 
inspection period signal is for indicating an inspec- 
tion period in which the slit plates 11, 13 are 
moving and is supplied to the judge circuit 28. The 
RAM write signal is for indicating a timing for a 
digital image signal to be written in the monitor 
display RAM unit 22. 

The reference signal generator 30 comprises a 
PLA (Programmable Logic Array) to generate the 
slit driving signal, the inspection period signal, the 
RAM write signal. That is, a bottle position signal is 
set as an address, and a slit driving signal, an 
inspection period signal and a RAM write signal are 
written in the address. When a bottle position sig- 
nal is inputted as an address signal, a suitable slit 
driving signal, inspection period signal and RAM 
write signal are outputted. 

An inspection period signal from the reference 


signal generator 30 is outputted to the judge circuit ■ 
28. The judge circuit 28 takes as effective signals 
only defect detection signals inputted thereto in a 
period in which the inspection period signal is at a 

5 high level and judges whether or not the bottle 12 
is defective. It is also possible that the inspection 
period signal is supplied to the inspection area 
gate setting circuit 20, the defect detection circuit 
24 or the masking circuit 26, and only the defect 

70 detection signals inputted thereto in a period in 
which the inspection period signal is at high level 
are taken as effective signals . 

A RAM write signal from the reference signal 
generator 30 is supplied to the monitor display 

75 RAM unit 22. Based on the RAM write signal, a 
digital image signal from the A/D converter is writ- 
ten in the monitor display RAM unit 22. The moni- 
tor display RAM unit 22 has been supplied with, in 
addition to the RAM write signal, a defect detection 

20 signal from the masking circuit 26, an error scan 
signal and a judge result signal from the judge 
circuit 28, and a inspection gate signal from the 
inspection area gate setting circuit 20. Based on 
the defect detection signal and the error scan sig- 

25 nal, defects and error scans are written in the 
monitor display RAM circuit 22. Based on the in- 
spection gate signal, an inspection gate is dis- 
played on a monitor 36. 

The monitor display RAM unit 22 has two 

30 frame memories. Alternately in the two frame 
memories is stored a digital image signal of the 
bottle 12 under inspection, and a digital image 
signal of a bottle previously inspected. Normally 
digital image signals of the bottle 1 2 under inspec- 
ts tion are sequentially displayed on the monitor. 
When a judge signal indicating the bottle 12 is 
defective, the frame memory storing the digital 
image signal of the defective bottle is displayed on 
the monitor 36 for further observation of the defect. 

40 As described above, this first embodiment per- 

mits not only light blocking defects but also refrac- 
tional defects to be detected with high sensitivity, 

in this first embodiment, the slit 11a of the slit 
plate 11 and the slit 13a of the slit plate 13 are 

45 positioned on the same level. But as shown in a 
modification of Fig. 10, the slit 11a and the slit 13a 
may be offset by a predetermined distance, and it 
is preferable that the slit 13a is located at a posi- 
tion where the illumination light which has ad- 

50 vanced straight through the slit 11a is nearly bloc- 
ked by the slit plate 13. The illumination light 
through the slit 11a which passes a part without 
any defect is blocked by the slit plate 13. When a 
refractional defect Fb is present in the bottle 12, 

55 however, as shown in Fig. 10, the light which has 
passed the slit 11a is deflected to pass the slit 13a. 
Accordingly, as shown in Figs. 11 and 12, a defect 
appears as a brighter defect point B1 than the 
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other normal points. A refractional defect, as shown 
in Fig. 13, appears as a refractional defect Fb 
which is a brighter area in a transmitted light im- 
age. This modification is not able to detect the light 
blocking defect Fa. 

This modification can use the two point defect 
detecting system (Fig. 11) and the three point 
defect detecting system (Fig. 12) as the first em- 
bodiment does. A difference of this modification 
from the first embodiment is that the defect point is 
brighter in the former. 

Fig. 14 shows the device for inspecting the 
sidewail of a bottle according to a second embodi- 
ment of this invention. Common members have 
common reference numerals, and their explana- 
tions will not be repeated. The second embodiment 
is characterized in that mechanically operative 
members, such as the slit plates 11, 13, are not 
included. 

In this embodiment as shown in Fig. 15, a light 
source 40 is provided in place of the diffused light 
source 10 and the slit plate 11. The light source 40 
comprises a number of light emitting diodes 40a 
arranged in a matrix. In place of moving the slit 
plate 11, the light emission of each light emitting 
diode 40a is controlled by a light source control 
unit 42. Specifically, the light emitting diodes 40a 
are actuated downwardly subsequently one row 
after another, which provides the function of mov- 
ing the slit plate 11 in the first embodiment In Fig. 
15 a fourth row of the light emitting diodes is 
actuated. 

In this embodiment, instead of the slit 13, the 
discharge and the readout of the area CCD 16a of 
the two dimensional photoelectric device 16 is con- 
trolled by a photoelectric device control circuit 44. 
Specifically, as shown in Fig. 16, a discharge con- 
trol line Ld is moved upward so as to discharge a 
stored electric charge, and a readout control line Lr 
which controls a stored electric charge to be read 
is moved upward following the discharge control 
line Ld. Fig. 17 shows the control timing for one 
line. When a discharge pulse is generated at a time 
t1 , the electric charge which has been stored up to 
the time is discharged. An electric charge is stored 
in accordance with a next incident light. When a 
readout puise is generated at a time t2 after a 
storage time T, the electric charge which has been 
stored in the storage time T is read out as a signal. 
An interval between a discharge control line Ld and 
a readout control line Lr determined by a storage 
time T corresponds to a gap of the slit 13a. 

The reference signal generator 30 supplied a 
control signal to the light source control circuit 42 
and to the photoelectric device control circuit 44 so 
as to synchronize a row of light emitting diodes to 
be actuated, and a discharge control line Ld and a 
readout control line Lr of the area CCD 16a with 


each other. For example, as shown in Fig. 18, their 
control is made so that a portion of a transmitted 
light image of the bottle 12 illuminated with an 
actuated row of light emitting diodes is formed at 

5 the middle between a discharge control line Ld and 
a readout control line lr of the area CCD 16a. This 
is equivalent to Fig. 3 of the first embodiment 
(where the slit 11a and the slit 13a are aligned). In 
order to obtain the same function of Fig. 10 (where 

io the slit 11a and the slit 13a are offset), an image 
forming position of an actuated row of light emitting 
diodes, and a light storing region between a dis- 
charge control line Ld and a readout control line Lr 
are offset by a predetermined distance. 

15 This embodiment, which includes no mechani- 
cally operative member, facilitates easy precise 
positioning and decreases occurrences of failures. 

In the above described second embodiment, 
the light source 40 is provided by light emitting 

20 diodes arranged in a matrix, but, as long as elon- 
gate illumination portion can be switched, the light 
source 40 may be any means. To give an example, 
Sight is led by optical fibers bundled in a matrix to 
provide elongate illumination portion, or a laser 

25 beam is caused to scan and switch elongate illu- 
mination portions. 

This invention is not limited to the above de- 
scribed embodiments but includes various modi- 
fications. For example, in the above described em- 

30 bodiment the inspection is made on the bottle 12 
rotated, staying at a fixed position, but it is possible 
inspect the bottle 12 rotated on continuous move 
with additions of a vibratory lens or mirror. 

The defect detection system is not limited to 

35 the above described ones but includes various 
modifications. To give an example, it may be pos- 
sible that when the following formulas 
QA / QB £ (constant C) 
QA / QB 3 Inconstant C) 

40 wherein brightnesses at two points to be compared 
are represented by QA and QB are satisfied, there 
is a defect It may be also possible that one of the 
following formulas 

QB / {( QA + QC )/2 } £ (constant D) 
45 QB / {( QA + QC )/2 } £ 1 /(constant D) 

wherein brightnesses at three points to be com- 
pared are indicated by QA, QB and QC are satis- 
fied, there is a defect. Constant C and D are 
numbers larger than 1. 
50 Furthermore, the first and the second embodi- 

ments may be combined. Specifically, the diffused 
light source and the slit plate of the first embodi- 
ment are used as the illumination unit, and as the 
observation unit the area CCD may be controlled 
55 as in the second embodiment. Conversely, the light 
source comprising light emitting diodes in the sec- 
ond embodiment may be used as the illumination 
unit, and a the observation unit, the slit plate as in 
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the first embodiment may be used. 

The elongate illumination portion and the elon- 
gate observation portions are really horizontal to 
the bottle in the above described embodiment but 
may be positioned in a direction other than the 
really horizontal direction. The elongate illumination 
portion and the elongate observation portion are 
not necessary straight but may be curved. 

The bottle may be glass or plastic. This inven- 
tion is application to the inspection on the sides of 
glass containers. 

Claims 

1. A method for inspecting the sidewall of a 
bottle comprising the steps of 

moving an elongate illumination portion to irradiate 
illumination light to the entire sidewall of the bottle 
to be inspected; 

observing the illumination light transmitted through 
the sidewall of the bottle by an elongate observa- 
tion portion moved synchronously with the illumina- 
tion portion to observe an image of the entire 
sidewall formed by the transmitted light; and 
judging whether there is a defect on the sidewall of 
the bottle, based on the transmitted light image. 

2. A method for inspecting the sidewall of a 
bottle according to claim 1, wherein: 

the elongate illumination portion and the elongate 
observation portion are synchronously moved so 
that the illumination light through the elongate illu- 
mination portion passes the sidewall to reach the 
elongate observation portion; and 
when the elongate observation portion observes 
none of the illumination light through the elongate 
illumination portion, the judgement is that a light 
blocking defect is on the sidewall of the bottle. 

3. A method for inspecting the sidewall of a 
bottle according to claim 1 , wherein: 

the elongate illumination portion and the elongate 
observation portion are synchronously moved with 
each other, offset from each other by a predeter- 
mined distance so that none of the illumination light 
through the elongate illumination portion pass the 
sidewall to reach the elongate observation portion; 
and 

when the illumination light through the elongate 
illumination portion is observed by the elongate 
observation portion, the judgement is that there is a 
refractional defect is on the sidewall of the bottle. 

4. A device for inspecting the sidewall of a 
bottle comprising: 

an illumination unit (10) for moving an elongate 
illumination portion to irradiate illumination light to 
the entire sidewall of the bottle to be inspected; 
an observation unit (16) for observing the illumina- 
tion light transmitted through the sidewall of the 


bottle by an elongate observation portion which is 
movable in synchronization with the elongate illu- 
mination portion, so as to observe an image of the 
entire sidewall of the bottle formed by the transmit- 

5 ted light; and 

a judge unit (28) for judging whether there is a 
defect on the sidewall of the bottle, based on the 
transmitted light image of the bottle observed by 
the observation unit. 

to 5. A device for inspecting the sidewall of a 
bottle according to claim 4, wherein: 
the elongate illumination portion and the elongate 
observation portion are synchronously moved (Fig. 
3) so that the illumination light through the elongate 

75 illumination portion (11) passes the sidewall to 
reach the elongate observation portion (13); and 
the judge unit (28) judges that when the elongate 
observation portion observes none of the illumina- 
tion light through the elongate illumination portion, 

20 a light blocking defect is on the sidewall of the 
bottle (12). 

6. A device for inspecting the sidewall of a 
bottle according to claim 4, wherein: 

the elongate illumination portion and the elongate 
25 observation portion are moved in synchronization 
with each other (30, 1 5), offset from each other by 
a predetermined distance so that none of the illu- 
mination light through the elongate illumination por- 
tion passes the sidewall to reach the elongate 
30 observation portion; and 

the judge unit (28) judges that, when the illumina- 
tion light through the elongate illumination portion 
is ob served by the elongate observation portion, 
the judgement is that there is a refractional defect 
35 is on the sidewall of the bottle (12). 

7. A device for inspecting the sidewall of a 
bottle according to claim 4 f wherein: 

the illumination unit comprises: 
a light source (10) for emitting illumination light; 
40 an illumination slit (11a) for allowing an elongate 
part of the illumination light from the light source to 
pass; and 

means (15) for moving the illumination slit; 
the observation unit comprises: 
45 an observation slit (13a) for allowing the illumina- 
tion light transmitted through the bottle (12) to 
pass; 

means (15) for moving the observation slit; and 
light detecting means (16) for detecting the trans- 
50 mitted light which has passed the observation slit. 

8. A device for inspecting the sidewall of a 
bottle according to claim 5, wherein: 

the illumination unit comprises: 
a light source (10) for emitting illumination light; 
55 an illumination slit (11a) for allowing an elongate 
part of the illumination light from the light source 
(10) to pass; and 

means for moving the illumination slit; 
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the observation unit comprises: 
an observation siit (13a) for allowing the illumina- 
tion light transmitted through the bottle (12) to 
pass; 

means (15) for moving the observation slit; and 
tight detecting means (16) for detecting the trans- 
mitted light which has passed the observation siit 
(13a). 

9. A device for inspecting the sidewall of a 
bottle according to claim 6, wherein: 

the illumination unit comprises: 
a light source (10) for emitting illumination light; 
an illumination siit (11a) for allowing an elongate 
part of the illumination light from the light source 
(10) to pass; and 

means (15) for moving the illumination slit; 
the observation unit comprises: 
an observation slit (13a) for allowing the illumina- 
tion light transmitted through the bottle (12) to 
pass; 

means (15) for moving the observation slit, and 
light detecting means (16) for detecting the trans- 
mitted light which has passed the observation slit 
(13a). 

10. A device for inspecting the sidewall of a 
bottle according to claim 4, wherein: 

the illumination unit (40) comprises: 

a plurality of elongate light emitting portions (40a); 

and 

control means (42) for making said plurality of 
elongate iight emitting portion operative to emit the 
illumination light in a predetermined sequential or- 
der; 

the observation unit comprises: 
a plurality of light detecting portions (16a); and 
control means (44) for making said plurality of light 
detecting portions operative to detect the transmit- 
ted light in a predetermined sequential order. 

11. A device for inspecting the sidewall of a 
bottle according to claim 5, wherein: 

the illumination unit (40) comprises: 

a plurality of elongate light emitting portions (40a); 

and 

control means (42) for making said plurality of 
elongate light emitting portion (40a) operative to 
emit the illumination iight in a predetermined se- 
quential order; 

the observation unit (16) comprises: 
a plurality of light detecting portions (16a); and 
control means (44) for making said plurality of iight ■ 
detecting portions (16a) operative to detect the 
transmitted light in a predetermined sequential or- 
der. 

12. A device for inspecting the sidewall of a 
bottle according to claim 6, wherein: 

the illumination unit comprises: 

a plurality of elongate light emitting portions (40a); 

and 


control means (42) for making said plurality of 
elongate light emitting portion operative to emit the 
illumination light ina predetermined sequential or- 
der; 

5 the observation unit (16) comprises: 

a plurality of light detecting portions (16a); and 
control means (44) for making said plurality of light 
detecting portions (16a) operative to detect the 
transmitted light in a predetermined sequential or- 

10 der. 
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